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Abstract 
The methods by which small firms overcome the disadvantages of their size to 
implement innovation on construction projects are examined here through five 
Australian case studies. It is found that such methods include working with advanced 
clients, prioritising relationship-building strategies and using patents to protect 
intellectual property. Key obstacles to innovation implementation by small firms on 
construction projects are found to be bias in the allocation of government business 
assistance and regulatory inefficiencies under federal systems of government. The 
study’s findings derive from a conceptual framework which emphasises firm 
capabilities and environment, and innovation typologies. Further research is 
recommended into the impact of government assistance and regulation on small 
innovative construction firms.  
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1. Introduction 
The innovation performance of the construction industry has been the subject of much 
criticism by academics, policy makers and practitioners, especially over the past 10 
years. Such criticism and the subsequent search for solutions has been most obvious in 
the UK, with investigations such as the Egan Inquiry (1998) prompting a range of 
related studies in the UK and in other countries. Nevertheless, progress has been slow 
globally, such that the industry is still perceived to be underperforming. In recent 
academic comparisons of innovation activity across different sectors of the economy, 
construction underperforms significantly compared to manufacturing (Teichstein et al., 
2005). Although some authors rightly point out that such comparisons can be 
misleading (Winch, 2003), the cited study made adjustments to the definition of the 
construction industry within the Standard Industrial Classifications to ensure a fair 
comparison.  
 
Continued poor performance is also reflected in the fact that construction clients 
globally remain unsatisfied with typical project outcomes (Boyd and Chinyio, 2006). 
The answer to the industry’s continuing problems is said to lie in building a stronger 
innovation culture to improve the rate and quality of innovation across the construction 
system, particularly given increasing client demands for integrated services (Hartmann, 
2006). The industry appears to be moving in this direction; however it faces a number 
of significant challenges related to the production of assets that are complex, unique, 
long-lived, fixed, expensive, and risky (Nam and Tatum, 1988). 
 
 2
It is against this backdrop that small construction firms operate. Not only do they face 
the difficulties summarised by Nam and Tatum (1988), they must also contend with 
higher levels of competition than for larger firms, and with the resource disadvantages 
of their size.  
 
This paper focuses on a group of small firms that were able to overcome the above 
challenges and introduce innovation on construction projects. Five Australian case 
studies are considered, all involving strategic technological product innovation that was 
successfully implemented on a project between 2000 and 2004. The research question 
driving the study is ‘How do small firms overcome the resource disadvantages of their 
size and successfully implement innovation on construction projects?’ Despite the 
challenges small firms face, it is shown that they can play an important role in driving 
project innovation.  
 
2. Research Gap 
Analyses of innovation in the construction industry often focus on large high profile 
players, iconic projects and systemic innovation. A good example is the literature on 
public-private-partnerships (e.g., Leiringer, 2006). Taking a different tack, this paper 
focuses on the introduction of relatively modest innovation, by small firms, on 
relatively small projects. This is an important topic because ‘small firm innovation is a 
significant and distinct entity from large-firm innovation’ (Acs and Audretsch, 1991).  
 
The definition of innovation employed here is the most authoritative and widely used 
definition available, which is that provided by the OECD (2005), where an innovation is 
a new or significantly improved product (good or service), process (production or 
delivery method), marketing method (packaging, promotion, or pricing) or managerial 
method (internal business strategies). Innovation is further categorised as being 
technological or organisational in nature. Technological innovations have a technical 
character, while organisational innovation is about advanced business practices. 
Technological innovation typically involves product or process innovation, while 
organisational innovation typically involves marketing or managerial innovation. This 
paper focuses on technological product innovation. 
 
To date there has been very little attention given to the role of small firms in driving 
innovation in the construction industry. An important exception is the work undertaken 
by Martin Sexton and Peter Barrett (e.g., Barrett and Sexton, 2006; Sexton and Barrett, 
2003a, 2003b; Sexton and Barrett, 2004). These authors often employ case studies 
conducted in the UK, and focus on innovation implemented within small firms, rather 
than by them on construction projects. The research reported here complements this 
existing research on innovation within small construction firms, by looking at the role of 
small firms in driving innovation on construction projects. The current paper fills a 
significant gap in the literature, as at any level - project, firm, network, industry, nation, 
globally – “there is a dearth of research investigating innovation from the perspective of 
the small construction firm” (Sexton and Barrett, 2003a).  
 
Indeed, few authors have addressed the implementation processes surrounding 
construction innovation by firms of any size. Key exceptions are Winch (1998), Gann 
(2000), Slaughter (2000) and Ling (2003). Winch (1998) and Gann (2000) drew 
attention to the complex environment within which construction firms innovate. The 
structural features they identified as impacting construction firm innovation will be 
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reviewed here through a detailed examination of small firm innovation on construction 
projects in Australia. Winch (1998) also highlighted the difference between reactive and 
proactive innovation by firms; a distinction that is employed in the current paper. 
 
Slaughter (2000) conceptualised the construction innovation implementation process as 
moving from assessment of ideas through commitment, use and evaluation. She 
described how implementation of project-based innovation might be optimally planned 
for particular types of innovations. The research reported here extends her work, by 
looking at how successful project-based innovations are actually implemented by small 
firms. Slaughter also described how the characteristics of an innovation influence the 
type of implementation process which is best employed. The current paper will extend 
this aspect of her work by looking at the implementation impact of an expanded set of 
innovation characteristics.  
 
Adopting a different approach, Ling (2003) looked at the micro drivers of construction 
innovation success, and identified the importance of interpersonal variables. This 
quantitative study focused on innovation in construction projects and the determinants 
of innovation benefits to the project and the project team. The current paper 
complements her quantitative study by using a case study approach to gain a finer 
grained picture of how interpersonal and other variables support innovation. 
 
Consideration of these and related construction and general innovation contributions 
suggests that the firm-level innovation process can be simplified to comprise two main 
innovation drivers – those internal to the firm and those external (Manley and McFallan, 
2006; Barrett and Sexton, 2006; Hartmann, 2006; Seaden et al., 2003; Winch, 1998). 
These drivers can usefully be seen to constitute the firm’s capabilities (an expansion of 
the old technology-push innovation model) and environment (an expansion of the old 
market-pull model) respectively. These drivers translate into improved project and firm 
outcomes through a successful innovation implementation process, which is now seen 
to be a highly interactive, dynamic activity involving many feedback loops in the 
accumulation of know-how. The progression of understanding of innovation processes 
since the 1950s, from linear models (e.g., technology-push and market-pull) to system 
approaches (such as the simple one presented here), is well summarised by Rothwell 
(1994), with Manley (2003) providing an overview of contemporary models.  
 
The success of a firm, regardless of its size, in implementing project-based innovation is 
determined by its environment and capabilities and the characteristics of the innovation. 
For project-based innovation, the firm’s environment is critical, particularly the inter-
organisational interaction environment (which is strongly influenced by the type of 
procurement strategy adopted). Figure 1 provides a simple representation of the firm’s 
innovation process which is broadly consistent with similar models provided by 
Hartmann (2006), Seaden et al. (2003), Sexton and Barrett (2003) and Winch (1998). 
 
Figure 1 The firm-level innovation process, given project-based production 
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To innovate successfully, the firm needs to strategically manage the features represented 
by Boxes 1-4, with the project-based implementation phase shown at Box 4 being the 
most unpredictable. Thus, significant on-going attention needs to be paid to Boxes 1-3 
to ensure adequate preparation for projects through effective exploitation of the business 
environment, while building strong firm capabilities and developing innovations with 
characteristics appropriate to the firm’s environment, capabilities and likely projects. 
Strong feedback loops exist between the four features of the process. For example 
effective implementation of innovation at Box 4, enhances the capabilities for 
innovation at Box 2 through learning and accumulation of know-how.  
 
 
3. Conceptual Framework 
Referring to Figure 1, this section examines (1) the firm’s environment and 
implementation context, (2) the firm’s capabilities, and (3) the characteristics of 
innovations. These constructs guide interpretation of the case study data later in the 
paper, and will facilitate exploration of the particular issues facing small firms.  
 
3.1 Firm Environment and Implementation Context 
The contributions of Winch (1998) and Gann (2000) provide important descriptions of 
the construction firm’s environment. Key elements of this environment as described by 
these authors comprise clients, research centres, education providers, industry 
associations, supply chain partners, regulators and government assistance. As 
construction innovation is typically implemented on projects, the quality of the 
interaction environment surrounding a project, influenced by these features of the 
environment, is particularly important (Sexton and Barrett, 2003a).   
 
On a construction project, innovation implementation processes will be managed by a 
group of firms, reflecting the fact that “almost all innovations in construction have to be 
negotiated with one or more actors within a project coalition” (Winch, 1998). For 
project-based firms, an important part of their environment is therefore the temporary 
and unique micro-environment surrounding each project. This element of the firm’s 
environment is strongly impacted by the client’s procurement system, which 
significantly shapes the innovation capacity of the project team (de Valence, 2007).  
 
  
1.  Firm 
Environment 
2.  Firm 
Capabilities 
3.  Innovation 
Characteristics 
4.  Project-based 
implementation 
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3.2 Firm Capabilities 
Although the firm can influence the environment in which it operates, it has a more 
immediate ability to influence its own capabilities. Firm capabilities comprise core 
competencies (Prahalad and Hamel, 1990) and the methods the firm uses to build and 
exploit them. Core competencies are valuable, rare, inimitable and non-substitutable 
(Barney et al., 2001). Within the complex system of construction, key strategies 
underpinning core competency and innovation activity by firms comprise knowledge-
anchoring and relationship-building (Drejer and Vinding, 2006). These are high level 
strategies that add crucial competitive value to more basic strategies that underpin 
effective innovation, comprising those associated with employees, technology and 
marketing (Manley, 2006; Seaden et al., 2003).  
 
3.3 Innovation Characteristics 
The success of a firm’s attempts to implement innovation on a construction project is 
also influenced by the characteristics of the innovation in question. These characteristics 
need to be appropriate to the firm’s environment, including the project context and 
associated interaction environment, as well as to the firm’s capabilities.   
 
The literature reveals increasing sophistication in the characterisation of different types 
of innovation, from simple distinctions between product and process innovation to more 
detailed categories along an expanding set of dimensions. Key contributions from both 
the construction and management disciplines include those shown in Table 1.  
 
Table 1: Key innovation typologies 
Author(s) Based on … Categories  
Harty (2005) Implementer’s control Bounded – innovation implementation can be contained 
within a single sphere of influence 
Unbounded – innovation implementation takes place in 
more contested domains 
 
OECD (2005) Output class Product – good or service 
Process – production or delivery method 
Marketing – packaging, placement, pricing 
Organisational – internal business practices 
The intention is that these OECD categories are mutually 
exclusive and that they cover all possible types of 
innovation output by firms. Product and process 
innovation tends to be technical/technological in 
character. 
 
OECD (2005) Degree of novelty New to the firm – lowest degree of novelty – innovation 
adopted from within the industry 
New to the industry – innovation adopted from another 
industry 
New to the world – highest degree of novelty – 
previously unseen innovation – likely to be patented if 
technological in nature 
 
Gopalakrishman 
and Bierly 
(2001) 
Knowledge characteristics Tacit/Explicit –  codifiability, teachability, observability, 
articulateness 
Systemic/Autonomous – extent to which knowledge 
components are linked with other components  
Complex/Simple – sophistication of knowledge [last two 
dimensions reflect Slaughter 2000] 
 
Slaughter Change in knowledge and Incremental – small change in knowledge and small 
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(2000) change in system linkages 
 
(System linkages first 
addressed by Teece 
1986). 
system impact 
Architectural – small change in knowledge and large 
system impact 
Modular – large change in knowledge and small system 
impact 
System – large change in knowledge from a combined 
set of innovations and large system impact 
Radical – large change in knowledge and new system  
 
Mitropoulos and 
Tatum (1999) 
Decision making  
 
(Similar to Winch 1998). 
Strategic – continuous monitoring of ideas, thorough 
evaluation of options, top management participation, 
seeking to maximise benefits [proactive innovation] 
Project – solution driven innovation, limited evaluation 
of available options, seeking to minimise consequences 
of failure [reactive innovation] 
 
Winch (1998) Source of idea Top down – new idea adopted by firms’ managers and 
implemented on projects [proactive innovation] 
Bottom up – new idea is the result of problem-solving on 
construction sites, which may be later learned by the firm 
[reactive innovation] 
 
Rothwell (1994) 
Powell (1991) 
Process Linear/Firm-based – innovation process managed by a 
single firm 
Interactive/Networked – innovation process shared 
between firms 
 
Teece (1986) System linkages Autonomous – little system impact 
Systemic – large system impact 
 
Collectively these typologies categorise innovations based on implementer’s control, 
output class, degree of novelty, knowledge characteristics, system linkages, decision 
making, source of idea and process. Understanding innovation characteristics along 
these dimensions assists the firm in the development of appropriate implementation 
strategies.  
 
The small firm dynamics surrounding these three constructs – firm environment and 
implementation context, firm capabilities, and innovation characteristics – are explored 
in the interpretation of construction innovation project case studies later in this paper.  
 
4. Empirical Background 
Prior to describing methods and interpreting the case studies, this section provides a 
short background concerning the role of small firms in the construction industry and the 
role of small firms as innovators. 
 
4.1 Small Firms in the Construction Industry 
Small firms are a very significant part of the construction industry globally. Figures for 
the Australian context reflect their contribution, where small firms (with less than 20 
employees) account for 66% of value-added, 74% of total employment, and over 99% 
of the total number of firms (ABS, 2006b). A key subset of this group is non-employing 
firms, who receive very little attention in the construction literature. Over the same 
period, they accounted for nearly a quarter (22%) of total industry of value added, over 
one-third of total employment (37%), and 70% of the total number of firms.  
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Clearly small firms play a key role within the industry; a role that is largely unmatched 
in other industries. For example, construction is the most highly fragmented Australian 
industry by number of firms (ABS, 2002); it had the third highest growth in number of 
small firm employees between 1984 and 2001 (ABS, 2002); and has the largest number 
(150 000) of non-employing firms (ABS, 2002) in the Australian economy. Indeed, 
26% of such firms in Australia operate in the construction industry (ABS, 2002).  
 
The most important indicator of small firm importance to the construction industry is 
their contribution to value added, which is very significant at 66%. Seen in this light, 
the current focus in the construction literature on ‘the big end of town’ would seem to 
be misguided, as Hillebrandt (2006) notes, “it is time attention was directed to the rest 
of the industry”. 
 
4.2 Small firms and innovation activity 
It is well established that there is a positive relationship between firm size and 
investment in research and development (R&D) (Cohen and Klepper, 1996). Indeed, 
OECD surveys on innovation activity also show a positive relationship between firm 
size and the introduction of new products or processes (innovation) (e.g., ABS, 2006a). 
There is little doubt that innovation is typically a resource intensive activity, and as such 
can be difficult for small firms to undertake (Barrett and Sexton, 2006). The role of 
slack resources in supporting a firm’s innovation activity and growth has been well 
documented in both management and construction literature (e.g., Penrose, 1959; 
George, 2005; Nam and Tatum, 1997). Yet the literature also points out that some 
resource-constrained firms are able to overcome the absence of slack resources and 
grow faster than their peers by leveraging their meagre resources more efficiently. 
Success in this regard is dependent on how entrepreneurial the firm is, that is, the extent 
to which it is pursuing long run growth over short term profitability (Moreno and 
Casillas, 2007). For small firms, being entrepreneurial and innovative can mean being 
creative and flexible in pursuing inter-firm relationships which provide access to key 
external resources such as knowledge. This entrepreneurial spirit drives some small 
firms to overcome the resource disadvantages of their size and innovate successfully 
over time. 
 
Such spirit is particularly important given that small construction firms may have even 
fewer slack resources than small firms in other industries. For example, in the 
manufacturing industry, small firms “tend to acquire more assets in higher quantities 
than they actually need in the short term”, creating slack resources due to the 
indivisibility of assets such as manufacturing plant (Moreno and Casillas, 2007). On the 
other hand, in the construction industry, little investment in expensive assets is required 
from a firm entering the industry, creating low barriers to entry and intensifying 
competition. Hence, in the construction industry, asset indivisibility is unlikely to be a 
source of slack resources for small firms. In the absence of the indivisibility driver for 
small firm growth in the construction industry, there is greater reliance on the will of the 
firm to be innovative, as argued by the entrepreneurship literature (Moreno and Casillas, 
2007). 
 
5. Methods  
Authors Martin Sexton and Peter Barrett, noted earlier for their research on small 
construction firms, are also dominant in using, and proposing the use of, qualitative 
methods of academic inquiry in the construction management field (Barrett, 2007; 
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Barrett and Sexton, 2006; Barrett and Barrett, 2003; Sexton and Barrett, 2003a, 2003b). 
This paper seeks to extend their contribution by investigating the role played by small 
construction firms in driving innovation on Australian construction projects, using a 
qualitative multiple-case methodology. 
 
In 2003, a major research study was funded by the Australian Commonwealth 
Government, together with key state government client agencies. Between 2003 and 
2005 the research team undertook 12 case studies of successful innovation on 
Australian construction projects in the non-residential building and road sectors. The 
current paper is authored by the leader of that team and is based on the findings of that 
research. The case studies were styled after the Egan Demonstration Projects which 
have been undertaken in the UK since 1998. The fact that over 130 major demonstration 
case studies have been published under that program over nearly 10 years reflects its 
enduring importance in improving industry performance through the diffusion of best 
practice (http://www.constructingexcellence.org.uk). The Australian project had a 
similar aim.  
 
The research problem addressed by the Australian project was that many construction 
industry participants were not aware of best practice approaches to implementing 
innovations, nor did many understand the potential of innovation to improve business, 
project and industry performance (Bourn 2001; NatBACC 1999; CIDA 1995). In 
response, the research team developed the 12 innovation case studies to demonstrate the 
benefits of innovation and the nature of successful implementation strategies. The 
purpose of this exercise was to provide information to the Australian building and 
construction industry, to encourage higher levels of innovation and improved business 
outcomes. 
 
A public call for innovative projects to be nominated to the program was made in 2003 
and 2005 through industry association newsletters and collectively the research team 
received over 100 nominations. The researchers selected 12 studies for investigation on 
the basis of: 
• the existence of significant measured benefits, or the clear potential to evaluate 
the extent of benefits 
• the likely usefulness of the study in highlighting innovation challenges and 
methods to overcome them 
• the level of cooperation likely to be received from project stakeholders 
• the potential to triangulate interview data with published sources 
• the political need to deliver case studies located in as many Australian states as 
possible given the above considerations.  
 
The current paper draws on five of these 12 case studies, being projects where 
innovation was driven by a small firm. The unit of analysis here is the small firm that 
drove innovation adoption, as part of the coalition of organisations involved in its 
implementation on the project. This differs to the focus on a single firm often adopted in 
traditional manufacturing-based innovation studies (Gann, 1997). A small firm is 
defined here according to Australian Bureau of Statistics standards, as a firm employing 
less than 20 people (ABS, 2002). The multiple case study approach employed in the 
research aimed to identify common themes using pattern matching analysis to compare 
findings across cases and to the conceptual framework. This approach is well justified 
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by Yin (2003). The existence of multiple sources of evidence (the five case studies) 
increases the validity of findings, compared to a single case study approach.  
 
The case studies were based on semi-structured interviews. The interviews were guided 
by a questionnaire which was designed around the constructs of firm environment and 
implementation context, firm capabilities, and innovation characteristics, as important 
determinants of successful innovation implementation. Importantly, the focus was on 
the relationships between the firms on the project and the ways in which they interacted 
with one another and their environments to support the implementation of the 
innovation owned by the small firm.  
 
Each study involved multiple interviews covering representatives of at least two firms 
on the construction project being analysed. Each interviewee was a senior technical or 
management representative and, over the five case studies, all industry subsectors were 
represented, that is, general contractors, specialist contractors, consultants, clients and 
suppliers. On average, six interviews per project were conducted across the different 
members of the team on the five projects. Of the 29 interviews undertaken in total 
across these projects, 13 were in person and 16 by telephone. Twenty-three of the 
interviews ranged between one and two hours in duration, while six were shorter 
telephone interviews, lasting approximately 15 minutes. For each of the small 
innovative firms (one per project), at least one representative was involved in a long 
personal interview. 
 
The interviews focused on an example of successful project innovation, where the 
‘success’ was demonstrated by existing documentation, or calculated in response to 
requests from the interviewers. Two interviewers were involved, the leader of the 
research study and her research associate. The interviewers worked from a common 
questionnaire based on the conceptual framework and consulted frequently to ensure a 
shared style of inquiry. The interviews were recorded electronically and later 
transcribed to form the data set for the study. A summary of each case study story was 
approved by all interviewees for each study.  
 
The qualitative data gathered was analysed using content analysis to assess the 
frequency of key themes surrounding how the small innovating firms overcame the 
disadvantages of size and successfully implemented the innovation within the coalition 
of firms working on the project. Although various software packages are available to 
analyse such data, for instance through cognitive mapping (e.g., Decision Explorer) and 
pattern recognition (e.g., Nudist), in this case, a manual approach was adopted as the 
focus of the research was relatively narrow. The specificity of the focus reduced the 
breadth of the data to be analysed to the extent that a manual technique was possible, 
bringing with it the attendant benefits of human observation, over computational 
routines which can overlook important connections.  
 
The validity of the data set was ensured via four methods of triangulation, which 
involved cross checking findings from: 
 
1. the interviewee database with background documentation, such as award 
submissions, magazine articles, internal reports and workshop presentations 
2. one case study with findings across the other four studies, through content analysis  
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3. one industry sector with other industry sectors, as each case study involved 
interviews with representatives of at least two different industry sectors (i.e. across 
general contractors, specialist contractors, consultants, clients, suppliers) 
4. the interviewee database with the interviewees, as each case study story prepared by 
the researchers was approved by them 
 
6. Overview of the five case studies 
All of the case studies were located in Australia and all provided evidence of significant 
cost savings arising from the innovation driven by the small firms. The magnitude of 
these savings is reported in Manley et al. (2005). The direct beneficiary of the 
innovation was always the client, through improved project outcomes, although in some 
cases clients distributed a share of savings back to the innovating firm or project team. 
This was typically under contracts that involved some method of relationship 
enhancement. All of the small firms interviewed noted that their innovation had 
enhanced their reputations and increased the likelihood of future work opportunities, 
with the same and related clients.  
 
Clients in all cases were focused on cost saving innovations, rather than quality 
improving innovations. Cost saving innovations can be easy for small firms to 
implement if they can demonstrate a low risk profile. Hence, the innovations that 
represented the adoption of well-trialled advances were easier to implement than more 
novel innovations. While the focus of all of the innovations was cost savings, there were 
many cases where associated time savings, safety improvements and quality 
improvements were also evident.  
 
In all cases, the innovation champion within the small firm was the owner. This finding 
largely reflects the very small size of the firms in the sample, and is consistent with the 
findings in Barrett and Sexton (2006). Table 2 outlines the five case studies, each of 
which focused on technological-product innovation that was unbounded, interactive and 
strategic. Each innovation was introduced by a small firm to an Australian construction 
project between 2000 and 2004.  
 
Table 2: Case study summaries  
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 Case A Case B Case C Case D Case E 
Project 
description 
Identification 
and repair of 
faults in 200 
new concrete 
bridge beams 
 
Stormwater 
management at 
a small 
community 
building 
Two 3500 m3 
roofs over 
sports stadium 
ends 
Up-grading the 
air-
conditioning 
system at an 
art gallery 
16 km 
pavement 
through 
saturated 
ground 
Industry Sector Road Sector 
 
Building sector Building sector Building sector Road Sector 
Budget  AUS $1m 
 
AUS $13,000 AUS $10m AUS $100,000 AUS $4m 
Completed 2000 
 
2002 2003 2004 2004 
Innovation 
introduced 
Ground 
penetrating 
radar to find 
defects in 
bridge beams 
 
Managing 
stormwater 
with storage 
gutters and 
infiltration 
Post-tensioned 
steel trusses to 
create long 
span roofs 
Twin-coil air-
conditioning to 
improve 
energy 
efficiency 
A permeable 
road pavement 
meeting strict 
environmental 
requirements 
Type of 
innovation 
 
Explicit 
Incremental 
New to industry 
Explicit 
Architectural 
New to world 
Tacit 
Architectural 
New to world 
 
Explicit 
Modular 
New to world 
Tacit 
Incremental 
New to world 
Type of small  
firm driving the 
innovation 
 
Consultant  Subcontractor  Consultant  Subcontractor  Subcontractor  
Core competency 
of small firm 
driving the 
innovation 
Development 
of high 
frequency GPR 
to improve the 
accuracy of 
defect 
identification 
 
Firm holds 
patents for the 
collection and 
storage of 
water in a 
container at the 
drip line of 
roofs 
 
Firm holds 
patents relating 
to post-
tensioned steel 
roofs 
Firm holds 
patents for 
twin-coil series 
pipe circuiting 
Firm holds 
patents for 
tyre-reinforced 
permeable 
pavements 
Firm size (no. of 
employees) 
 
3 5 6 16 10 
Firm age (years) 22 10 3 6 9 
 
Innovation was driven by firms in the consultant and sub-contractor sectors. 
Employment within the firms ranged from three to 16 people, and the firms were 
between 3 and 22 years old. The project budgets ranged in size from AUS$100,000 to 
AUS$10m. Three of the projects were in the non-residential building sector, with two in 
the road sector.  
 
7. Discussion 
This section examines the ways in which the five small firms successfully implemented 
their innovations as part of the coalition of firms on the project team. It focuses on their 
behaviours, given the environment in which they were operating, including the 
implementation context; their capabilities and the characteristics of their innovations. 
 
7.1 Firm environment and Implementation context 
The way that the small firms interacted with the environment in which they operated 
had a big impact on their success in introducing innovation on the projects studied. The 
central factor supporting the efforts of these firms was the quality of their relationships 
 12
with key system participants. By far the most important participant was their clients. 
These small firms mainly work with advanced clients. Such clients are likely to engage 
in ‘judicious risk taking’, which favours adoption of new technologies. The small firm 
interviewees noted the following qualities of the advanced clients they worked for:  
• high-level internal innovation competency – e.g., participation in R&D; networking 
with specialist experts 
• challenging project requirements – e. g. setting difficult energy targets, having tight 
time lines 
• involvement in value-driven tender selection 
• encouragement of alternative tenders 
• design of new forms of contract 
• attention to relationship management on projects 
• participation in technology demonstration programs 
 
All of the case studies involved a project managed by an advanced client exhibiting 
most or all of the above qualities. Examples of advanced client behaviour include the 
following. In Case A, the client funded trials of the small firm’s technology after having 
identified an opportunity through networking with experts. In Case B, the client 
conducted R&D by obtaining a grant to fund a demonstrator project, which helped the 
small firm further develop simple water saving devices. In Case C, an existing sports 
stadium needed new roofs erected, without interrupting use of the facility. These very 
challenging project requirements led directly to the adoption of the innovative roofing 
solution provided by the small firm. As in all of these cases, the client’s strong support 
for cooperative project relationships was crucial in delivering the optimal project 
outcome. Case D provides a similar example involving a large group of specialist 
stakeholders from diverse fields. In this circumstance, there was considerable potential 
for conflict, however the client created project conditions that enhanced rather than 
aggravated relationships, partly by employing a new form of contract. In Case E, the 
client encouraged alternative tenders and used value-driven tender selection. Under a 
more traditional procurement approach, the small firm’s innovation would not have 
been adopted for the project.  
 
These examples show that small firms can overcome the disadvantages of size by 
working with advanced clients. In order to have something to offer these clients, the 
small firms in this study needed a pre-existing set of relationships with other important 
system participants, to help them develop and protect their innovations. These 
comprised relationships with: 
• research centres (B, D, E) 
• education providers (B) 
• industry associations (C, D) 
• supply chain partners (D, E) 
• regulators (B, D, E) 
• government business assistance providers (E) 
 
The more technical and unique the innovation was, the more likely the small firm was 
to have a relationship with a research centre. For two of the patented inventions, this 
relationship was particularly prominent – the airconditioning system (D) and the 
recycled-tyre pavement (E). For other innovations, relationships with educators were 
more important, as in Case B where tradespeople require new skills to fit the new water 
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saving devices and the small firm innovator is providing new course content to training 
colleges.  
 
In all cases, industry associations provided technical advice and access to global 
knowledge bases which supported the small firm innovators, while in Cases C and D 
such associations had organised awards that were won by the innovators. This latter 
activity is particularly helpful for small firms in building a reputation for innovation. Of 
course, such a reputation is not built in isolation and the small firm innovators were 
very reliant on their supply-chain partners, particularly given that their size implies 
resource shortages, for example in  relation to finances, knowledge and relationships. In 
Cases D and E in particular, very close relationships with supply-chain partners 
provided complementary core competencies which were critical in meeting project 
requirements.  
 
The small firms’ relationships with regulators had proved far less satisfactory than those 
with the system participants described above. All the innovators in the sample felt that 
adoption rates for their technologies were being hampered by confusing, restrictive and 
inflexible regulations. This finding is supported by data from the UK Innovation Survey 
conducted in 2001 which shows that small firms are more likely to find regulations an 
obstacle to their innovation activity than large firms (Reichstein et al., 2005). Small 
firms have fewer resources than large firms to invest in overcoming regulatory barriers. 
In Australia, the adoption of performance-based standards by the Building Code in 1996 
appears to have done little to alleviate regulatory barriers to innovation. The problem 
appears to be the level of prescription remaining in new performance-based standards.  
 
Another problem is Australia’s federal system of government, where each state has its 
own set of regulations and is likely to demand local trials to verify the compliance of 
new technologies, even if similar trials have been successfully conducted in other states. 
Such regulatory problems were much more significant for the small firms with radical 
technologies, and for the small firms seeking work in multiple states. The recycled tyre 
pavement in Case E met this description and thus the innovators were very involved in 
negotiations with regulators, with typically unsatisfactory outcomes. These 
considerations are taken up again under the Innovation Characteristics section to follow.  
 
Another relationship that was less than satisfactory for the small firm innovators was 
that with government providers of business assistance schemes. Government assistance 
is currently focused on small firm innovators in the manufacturing industry. Such 
assistance is not tailored to the needs of construction businesses, nor is it actively 
promoted to the construction industry (Manley, 2004). The experiences of small firms 
in the sample mostly confirmed this experience, although the innovator in Case E was 
aware of the Commonwealth Government’s R&D tax concession and was also 
undertaking R&D on a scale large enough to make application to the scheme 
worthwhile.  
 
Overall, it has been shown that relationships between the small firm innovators and 
advanced clients, research centres, education providers, industry associations and supply 
chain partners, greatly assisted the innovators in successfully implementing their 
technologies. Within the firm’s environment, the roles played by regulations and 
government assistance schemes were less positive.  
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7.2 Firm Capabilities 
The case studies revealed that formal business strategies relating to relationships, 
technology and marketing have been important in supporting innovation 
implementation by the small construction firms, while informal knowledge and 
employee strategies were also important.   
 
The implementation success of the small firm innovators revolved around their 
relationship management skills. Indeed, the firms relied more on their relationship 
strategies than any other strategy type. This may be because relationship skills underpin 
success across all strategy types. Relationship skills were critical in networking with 
other members of the supply chain and in convincing the small firms’ clients of the 
merits of their technologies. Relationship skills were also used to generate and exploit 
marketing contacts and to optimise the input of employees.  
 
It is also unsurprising that technology strategies were important to the success of the 
small firms in implementing their technologies. Four of the five cases (B-E) involved 
original technology that has been patented by the innovators. This patenting strategy 
certainly has the potential to safeguard intellectual property and provide an income 
stream. However, as small firms, the ability to protect patents is limited. Hence, the 
innovators in Cases D and E were actively seeking relationships with established firms 
that could provide access to assets such as reputation, supply-chain access and financial 
strength. In the meantime, the owners of the small firms played the role of technology 
champions, requiring patience in the face of obstructive regulations, and careful site-
based quality control to avoid product failure which would be damaging at this stage in 
the firms’ development. In Case E, the owner was also focused on monitoring the 
activities of imitators. This was not so much to sue for breach of patent, as this was 
beyond the reach of the firm’s resources, but to make sure there were not any 
spectacular failures that could affect the reputation of the original innovator.  
 
Typical marketing strategies used by the small firms aimed at increasing the rate of 
diffusion of their technologies included applying to award schemes run by industry 
associations (C, D) and obtaining external verification of the claims associated with the 
technology (B, D, E). Although industry associations were also relied on for knowledge 
acquisition, overall, formal knowledge strategies, along with formal employee 
strategies, were the least important of the five strategy types for the small firms in 
supporting their innovation success. It may be that because the small firms studied have 
only recently entered the commercialisation phase of their activities, the importance of 
formal knowledge and employee management is yet to peak. In the meantime, the firms 
appear to manage both areas satisfactorily using more informal means. For example, in 
terms of knowledge management, the firms were very focused on translating learnings 
between projects. This represents best practice in an industry that is known to suffer 
significantly from loss of knowledge between projects (e.g., Drejer and Vinding, 2006; 
Gann and Salter, 2000). Yet it is clear that their success in this regard is very much 
related to the small scale of their activities. The relative ease with which small firms can 
integrate project learnings into continuous business processes is one of the advantages 
they have over their larger competitors.  
 
The approach of the small firms to management of their employees was also largely 
informal, and understandably so given the small numbers of workers involved. The case 
studies were marked by very close and long-term relationships between employees and 
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owners which appeared to provide a highly motivating business culture, supportive of 
creativity and innovation, without the need for formal structure. This is a very positive 
feature of small firms, providing another advantage over larger firms. The advantages of 
being a small firm in relation to knowledge and employee management to some extent 
offset resource disadvantages.  
 
7.3 Innovation characteristics 
Project-based innovation is highly interactive and unbounded, thus the small firms’ 
control over implementation of their technologies was shared amongst the construction 
team. Indeed, the case studies were marked by intensive negotiations between 
stakeholders surrounding the adoption of the innovations onto the projects. During this 
phase implementation, the small firms needed a good understanding of power relations 
on the project and beyond, and how these related to the characteristics of their 
innovations.  
 
All of the innovations implemented by the small firms were interactive, unbounded, 
strategic, technological and product-based. The innovations involved technical changes 
to physical output which had been planned over the long term and introduced in a 
project environment. Four of the five innovations were previously unseen ‘world-firsts’ 
protected by patents (B, C, D, E). The value of these innovations was recognised by the 
project clients, who were willing to pay intellectual property fees for their use.  
 
Three of the project innovations (A, B, D) are classified by the author as explicit, 
because they can be adopted by users relatively easily. In Case B (storage gutters) it was 
also easy to observe how the innovation worked, while in Cases A (GPR) and D (twin-
coil airconditioning) the operation of the innovations was not easy to observe, although 
codifiability and teachability were high. The innovations in Case C (post-tensioned steel 
roofs) and E (tyre pavement) were defined as tacit because users cannot easily adopt the 
technologies without the assistance of experts. In Cases C and E, representatives of the 
innovating firms were engaged on-site to ensure appropriate quality control and 
maximise the effectiveness of the technology. Hence, tacitness can be an advantage 
because it may create revenue opportunities for innovators. However, this same 
dependency of the user can work the other way if users perceive a lack of flexibility and 
therefore choose not to adopt the technology. This latter dynamic occurred for the 
technology in Case D, until codification was increased to reduce reliance on experts 
within the innovating firm.  
 
Four of the five cases (A, B, C, E) involved small changes in knowledge, while the 
airconditioning innovation in Case D represents a significant departure from existing 
methods. Three of the cases (A, D, E) involved a small change in the technical and 
supply-chain systems to which they were introduced, while two cases (B, C) involved 
significant changes to the systems to which they were introduced. The cases do not 
reveal a positive correlation between large changes in knowledge and large system 
impacts, which is consistent with Slaughter’s (2000) classification system.  
 
It might be expected that innovations that require significant changes in related 
components would be more challenging for small firms to implement. Indeed, this is 
reflected in the experience of the innovating firms on Cases B and E, where building 
codes and educational practices require changing to optimise diffusion of their 
technologies. However, the components that needed changing in Case C were directly 
 16
within the control of the client and would better meet their needs, so they were easily 
changed. The key variable differentiating these two sets of examples is the extent to 
which project team members support the system changes required and have the power 
to enforce them. If an innovation impacts distant systems, over which team members 
have little control, then implementation can be more difficult for the small firm to 
influence, even if required changes are relatively minor (in Cases B and E, slowing 
diffusion despite success on the case study project).  
 
The cases suggest that the most difficult types of technologies for small firms to 
implement on construction projects are those with distant system ramifications and 
those with low codifiability. The former suggests the need small firms have for a 
supportive ‘interaction environment’, one in which key participants have far reaching 
power to effect change. The latter, low codifiability, might support revenue streams for 
established firms (by tying users to the firm’s experts), however many small technology 
firms are still struggling with market acceptance of their products. At this stage in their 
development, without a reputation to support them, low codifiability can restrict market 
penetration.  
 
The case studies also indicate a growing acceptance within the construction industry of 
the value of intellectual property and a willingness to pay for it. Patenting, which is 
associated with long-term proactive innovation, thus emerges as a valuable innovation 
characteristic, if the small firm can devise an appropriate strategy/partnership to defend 
such an asset against copying. The entrepreneurial spirit that can successfully support a 
small firm against the resource disadvantages of its size, and help it to innovate, 
involves a long-term growth perspective, such as that associated with patenting activity. 
It may be that small construction firms will be more successful if they can pursue such 
long-term proactive innovation, rather than reactive attention to current site-based 
problems. 
 
8. Conclusions 
 
Despite the challenges faced by small construction firms, the findings suggest that the 
following factors are key drivers of successful implementation of project-based 
innovation: 
• close and on-going work with advanced clients 
• emphasis on relationship strategies 
• ownership of intellectual property  
 
It is this last factor that can attract the attention of advanced clients, particularly if the 
small firm has undertaken demonstration trials and had the results externally validated 
by an independent research centre. Once armed with this evidence portfolio, the small 
firm’s marketing strategy ideally involves applying for awards given by industry 
associations and prioritising relationship-management along the supply chain and with 
clients. 
 
The innovation success of each of the small firms also relied on a narrowly defined core 
competency that could not be replicated easily, which enabled them to meet the needs of 
a niche market. This competency gave them access to advanced clients, that is, those 
clients who have a higher propensity to adopt innovations, compared to other clients. 
Further, although all innovative firms require strong inter-organisation networks, 
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particularly in construction where production is undertaken in teams, small innovative 
firms may have a greater reliance on the quality and breadth of their relationships with 
other organisations. Such relationships are required to compensate for the riskiness of 
innovation activity and the riskiness of being small. For example, partnering with more 
established firms gives small firms access to valuable assets such as reputation, 
professional contacts and financial strength.  
 
One the other hand, small firms may have some advantages over larger firms in the 
relative ease with which they are able to manage internal knowledge flows and 
employees. Further research is necessary to determine whether the performance of the 
firms studied could be improved by more attention to formal knowledge and employee 
strategies, or whether to be successful, small innovative construction firms are best 
advised to focus on formal strategies in other areas such as relationships, marketing and 
technology. Another area requiring further research is the impact of regulatory problems 
on innovation, and especially small firm innovation under federal systems of 
government. Finally, action research could be undertaken with public-sector agencies 
charged with promoting economic development, to investigate the impact of their 
marketing strategies. At present business assistance packages are marketed primarily to 
manufacturing firms, to the disadvantage of construction firms, and particularly small 
construction firms. 
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